One-step delivery of a functional multi-layered cell sheet using a thermally expandable hydrogel with controlled presentation of cell adhesive proteins.
In this study, we developed a new system enabling rapid delivery of a multi-layered cell sheet by combining layer-by-layer (LBL) coating of a cell membrane and surface engineered thermally expandable hydrogel. Human dermal fibroblasts were LBL-coated with fibronectin (FN) and gelatin to form a multi-layered cell sheet in a single seeding step via spontaneous 3D cell-cell interactions. FN was covalently immobilized onto the surface of a Tetronic®-based hydrogel at two different concentrations (1 and 5 μg ml-1) for stable adhesion of the multi-layered cell sheet, followed by polydopamine coating. In both conditions, a multi-layered cell sheet was stably formed. Then, the cell sheet on the hydrogel modified with 1 μg ml-1 FN rapidly detached (>90% efficiency) in response to the expansion of the hydrogel when temperature changed from 37 °C to 4 °C, while the other group had a reduced detachment due to excessive cell-hydrogel interaction. The multi-layered cell sheet was evident in cell-extracellular matrix and cell-cell junction formation, and bFGF was continuously secreted over 7 days of in vitro culture. The multi-layered transplanted to the mouse subcutaneous tissue also exhibited evidence of vascular ingrowth, which collectively suggest that the delivery system maintaining cellular functions is applicable for regenerative medicine.